Introduction

Results

Emissions Estimate for Faculty, Staff, and
Student Commutes in 2013

In 2013 Colby College declared it was carbon neutral. The
college achieved “net zero” CO2 equivalent emissions by
switching to wind power for electricity and replacing 90%
of its oil consumption with biomass. The remaining
emissions were offset based on assumptions about travel,
waste, consumption, etc. The goal of this project was to
update the estimate of the total greenhouse gas emissions
produced as a result of faculty, staff, and students
commuting to Colby in 2013. This is not a comprehensive
analysis of all college related travel, but a specific subset.
This is important because it can improve Colby’s estimate
of its emissions, informing the school of the amount of
carbon credits it needs to be carbon neutral. GIS was used
to calculate travel distances for the various members of the
College community. Assumptions about type and frequency
of travel method were then used to calculate the total
carbon dioxide equivalent emissions in 2013.

The total CO2 equivalent emissions are a function of
assumptions made about the frequency of the various
commutes. The basic assumptions made in this study can be
seen in Tables 1. The range that I found was 1808MT to
6401MT eCO2 (Table 1). The low end of this range
assumes 1 round trip per year to Colby from home for all
students and that faculty/staff/off-campus students
commute to campus once for each of the 126 class days.
The upper value assumes a 50% excess emissions factor (for
longer routes, trucks and cars used, multiple flights instead
of direct, etc.) and 4 round trips per year to Colby for US
students and 2 for international students, 210 days of
commuting for faculty and staff (5 days a week, 14 weeks
each semester, 4 weeks for JanPlan, and 10 weeks for the
summer), and 160 days of commuting for off-campus
students (same as faculty/staff without the summer).
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Figure 5. Latest emissions data available from Colby showing just under
5000 MT eCO2 for college related travel and commuting.

Figure 3. Pie chart showing my best estimate
for emissions contributions of the different
categories used in this analysis . The numbers
represent the eCO2 emissions in metric tons.

Methods
The analysis was performed in ArcGIS 10 with address data
from 2013 for faculty, staff, and students provided by the
College. The data was analyzed in five different groups:
faculty and staff commutes, students living off-campus
commutes, New England (NE) students commuting from
home, US students outside of NE commuting from home,
and international students commuting from home.
For daily commutes (off-campus students and
faculty/staff) the address data was geocoded using the E911
roads network analyst data set from MEOGIS. Any
unmatched addresses were reviewed in an attempt to match
them, but if this failed they were mapped manually using
Google maps or placed at the post office in the town noted
in the address. Out of state and international addresses (43)
were ignored for the purposes of this analysis. The network
analyst tool was then used to find the shortest route to
Colby’s campus (Figure 1).
For NE students commuting to Colby the addresses
were geocoded by zip code using the North America
Geocode Service 10.0 from ArcGIS, and the network
analyst tool was used to find the shortest route to campus
along the basic streets network from ESRI (Figure 4).
For US students outside of NE the addresses were
geocoded by zip code and the Euclidean distance to the
nearest international airport was calculated. The distance of
a flight from each of those airports to Boston was
calculated using an azimuthal equidistant projection with
Boston Logan airport at the center to preserve the distance
accuracy. Finally the distance of a bus ride to Colby was
added to the total distance.
For international students a similar approach was
used, except the distance to the airport was not factored in
given the difficulty of geocoding foreign addresses and the
airport in the largest city of each country or province in
Canada’s case was used for the analysis (Figure 2).
Finally the commuting distances were plugged into
equations provided by the EPA for business travel to
calculate eCO2 from the miles traveled depending on the
mode of transportation. The few students in each category
whose home addresses were unable to be geocoded were
given the average emission from their respective category to
represent them in the analysis.
Reference
United States. Environmental Protection Agency. Optional Emissions from
Commuting,
Business Travel and Product Transport. 2008. Web.
<http://www.epa.gov/climateleadership/documents/resources/co
mmute_travel_product.pdf>.

The eCO2 emissions from commuting on a daily basis
matches the most current value used by Colby available
(Figure 5), 1337MT, fairly well with the range being 940MT
to 2328MT. The remaining emissions from students
commuting to Colby, 868MT to 4046MT, capture the most
current value available, 3509MT, but this is for all collegerelated travel not just students and the exact assumptions
used in that study are unknown. In addition I used EPA
data to calculate emissions from miles traveled whereas the
previous assessment was performed with Clean Air-Cool
Planet’s Campus Carbon Calculator v6.4. The lower value
of the range is clearly too low for a number of reasons:
there aren’t direct flights to Boston from all airports, routes
taken aren’t always the shortest, travel to the airport is not
always accounted for or is just a Euclidean distance, faculty
and staff commute more than 126 days a year, many
students commute home more than once per year (US
students aren’t allowed to stay on campus over winter
break), etc. However, just how much lower this value is than
the real value is difficult to judge without more information.
An average estimate for the emissions is 3780MT which
assumes a 30% excess emissions factor (for longer routes,
trucks and cars used, multiple flights instead of direct, etc.)
and 2 round trips per year to Colby for US students since
they are not allowed to stay on campus over breaks, 1 for
international students, 210 days of commuting for faculty
and staff (5 days a week, 14 weeks each semester, 4 weeks
for JanPlan, and 10 weeks for the summer), and 160 days of
commuting for off-campus students (same as faculty/staff
without the summer) (Figure 3). To improve the accuracy of
emissions data further studies could incorporate survey data
to better inform the assumptions needed in the study and
actual distances traveled to validate the calculations.

Figure 1. Map of daily commutes by faculty, staff, and students living
off-campus. The background layer is the E911 roads network analyst
data set.

Figure 4. The routes used in the analysis for the students from New
England. The background layer is the standard North American road
network from ESRI.

Table 1. Total estimated eCO2 emissions with the assumptions and calculated average round-trip distances used to find them.

Faculty/Staff

Off-Campus Students

NE Students

US Students Outside of
NE

723

124

1058

831

167

26.396
---

6.795
---

288.587
---

42.992
1919.570

--11832.149

---

---

---

357.236

357.236

Number of
People
Average Round-Trip Car
Distance in Miles by Flight
Mode of
Transportation Bus

Number of
Round-Trips Excess
per Year
Factor
Assumptions

Lower
Estimate
Average
Estimate
Upper
Estimate

Number of
Round-Trips Excess
per Year
Factor

Number of
Round-Trips per Excess
Year
Factor

Number of
Round-Trips Excess
per Year
Factor

International Students

Number of
Round-Trips Excess
per Year
Factor

126

0%

126

0%

1

0%

1

0%

1

0%

210

30%

160

30%

2

30%

2

30%

1

30%

210

50%

160

50%

4

50%

4

50%

2

50%
Totals

Total Estimated
eCO2 emissions
(Metric Tons)

Lower
Estimate
Average
Estimate
Upper
Estimate

900.7

39.8

142.1

348.0

377.6

1808.2

1951.6

65.6

369.5

904.7

490.9

3782.3

2251.8

75.7

852.8

2087.8

1132.8

6400.9

Figure 2. The airports used in the analysis for the international students
and the distances to Boston Logan airport. An azimuthal projection is
used, centered at Boston Logan to preserve distance measurements
from the airport.
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The total eCO2 emissions from transportation are very difficult to calculate accurately without specific data from individuals.
The potential range of emissions for the 2013 year found in this study is 1807MT to 6401MT eCO2, with an average estimate being 3780MT.
Further research could include surveys to better account for a number of the unknowns in this study (number of days commuting, trips home, etc.)
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